The present study investigate the selectivity of heartwood of secang ethanolic extract (SEE) on T47D breast cancer cells, WiDr colon cancer cells, and HeLa cervical cancer cells, compared to Vero normal epithelial cells. The cytotoxic effect was evaluated by using MTT assay with 24-hour treatment to get IC50 values. Selectivity was evaluated by using selectivity index (SI). SEE had a potent cytotoxic activity on T47D and WiDr cancer cells (IC50<100 µg/mL). IC50 value of HeLa cancer cells was observed on moderate cytotoxic (100<IC50<1000 µg/mL). SEE demonstrated more selective to T47D and WiDr than Vero cells (SI>3), while in HeLa cells is not selective (SI<3). This result indicating its potential of Caesalpinia sappan as a chemopreventive agent in cancer therapy.
INTRODUCTION
Currently, a chemopreventive agent based on natural materials has been developed. It is triggered by the fact that the treatment of cancer using chemotherapeutic agents tends to cause resistance of cancer cell, resulting the majority of cancer treatment failure (Nobili, et al., 2009 ). In addition, in clinical application, some classical chemotherapeutics such as doxorubicin and 5-fluorouracil showed side effects such as cardiotoxicity and myelosuppression (Bowles, et al., 2012 , Santos, et al., 2010 . This is due to the lack of selectivity of the chemotherapeutics against cancer cells, thus causing disruption of homeostasis in the body.
One of the potential natural products as a chemopreventive agent is secang (Caesalpinia sappan L.). Heartwood of secang and its active compound, brazilin and brazilein, proved has cytotoxic effect and induce apoptosis on cancer cells. Study on antioxidant compound from C. sappan succeed to isolate 1 ',4'-dihydrospiro[benzofuran-3(2H) ,3'-[3H-2]benzopyran]-1 ',6',6',7'-tetrol and 3-[[4,5-dihydroxy-2(hydroxymethyl) phenyl]-methyl]-2,3-dihydro-3,6-benzofurandiol (Safitri, et al., 2003) . Park, et al. (2002) and Wicaksono, et al. (2008) reported that secang has cytotoxic effects on Hep G2 and Hep 3B cancer cells. Extract of C.sappan heartwood performed anticancer activity on HNSCC4 and HNSCC31 head and neck cancer cells (Kim, et al., 2005) . Ethanolic extract of C. sappan also showed potent radical scavenging activity of reactive oxygen species (ROS) and reactive nitrogen species (RNS) .
Methanolic extract of C. sappan exhibited cytotoxicity (IC 50 <20 μg/mL) against HepG2 liver, MCF-7 and MDA-MB-231 breast, and A549 lung cancer cell lines (Lai, et al., 2011 ). Yen, et al. (2010 reported that brazilein isolated from secang showed potent cytotoxic effects on Hep G2 and Hep 3b liver cancer cells, MDA-MB-231 and MCF-7 breast cancer cells, and A549 lung cancer cells. Based on those data the potency of secang as chemopreventive agent need to be explored in different cell lines.
This present study was performed with the aim of determining of cytotoxicity of heartwood of secang ethanolic extract (SEE) on T47D breast cancer cells, WiDr colon cancer cells, and HeLa cervical cancer cells and its selectivity compared to Vero normal cells.
The scientific data regarding the activity of SEE as a selective agent could be the basis of the use of natural products as a chemopreventive agent in cancer therapy.
MATERIALS AND METHODS

Plants Material
Heartwoods of secang were collected from Wonosari, Yogyakarta, Indonesia. Plants were identified at Laboratory of Plants Taxonomy, Faculty of Biology, Universitas Gadjah Mada, Yogyakarta. The extract was prepared by maceration methods using 70% ethanol, then the filtrate was concentrated by vacuum rotary evaporator.
Cell Culture
In the study, T47D cells, WiDr cells and HeLa cells were obtained from Prof. Masashi Kawaichi (Nara Institute of Science and Technology, NAIST, Japan), while Vero cells were obtained from Cancer Chemoprevention Research Center, Faculty of Pharmacy, UGM. Cells were cultured at 37 o C in a humidified incubator, 5% CO 2 , in suitable medium for each cells (DMEM (Gibco) for T47D and HeLa cells, RPMI 1940 (Gibco) for WiDr cells, and M199 (Gibco) for Vero cells) supplemented with 10% Fetal Bovine Serum (FBS) (Gibco), 10,000 units/ml penicillin-10,000 µg/ml streptomycin (Gibco).
Cytotoxicity Assay
Cytotoxicity of SEE on T47D, WiDr, HeLa, and Vero cells were determined using MTT assay (Mosmann, 1983) . Cells were distributed into 96-well plate with the density of 1x10 4 cells/well, then incubated in 37˚C incubator supplemented with 5% CO 2 for 24 hours. SEE was diluted in culture medium using dimethyl sulfoxide (DMSO) as co-solvent with concentration not more than 0.5 % v/v. After 24 hours incubation, the culture medium was removed, followed by washing with phosphate buffered saline (PBS). Then, 0.5 mg/ml of MTT (3-[4,5-dimethyl thiazole-2-yl(-2,5-diphenyltetrazoliumbromide)]) in PBS was added, followed by 4 hours incubation in 37˚C with 5% CO 2 . After that 10% v / v SDS in HCl 0.1N as stopper reagent was then added. The plate was then kept with protection from light overnight, continued with absorbance determination (λ 595 nm) using ELISA reader (Bio-Rad).
Data Analysis
The cell viability was calculated based on the formula as follow: The selectivity of SEE on each cancer cell lines was evaluated using SI (Selectivity Index) value based on formula as follow (Prayong, et al., 2008) 
Statistical analysis
All data are expressed as mean and standard deviation (SD) (n=3). Statistically significant difference was determined by analysis of variance (ANOVA) followed by post-hoc comparisons using Tuckey's significant difference test. Statistical significance was considered at p<0.05 (SPSS 17.0).
RESULTS
The cytotoxic assay was performed to determine the inhibition of SEE on the growth of T47D breast cancer cells, WiDr colon cancer cells, HeLa cervical cancer cells, and Vero normal epithelial cells. Cell viability was examined using MTT assay after 24 hours incubation. Treatment of SEE decreased cell viability of T47D, WiDr, HeLa, and Vero in dose-dependent manner (Fig. 1) . Cells morphology was also observed (Fig. 2) (Prayong, et al., 2008) , by comparing the IC 50 value of SEE on Vero normal cells to IC 50 value on cancer cells (Table 1) . SEE showed selective cytotoxicity on T47D and WiDr with SI value more than 3. On the other hand, SEE did not selective on HeLa cells with SI less than 3.
DISCUSSION
In this study, we observe the cytotoxic properties of secang's heartwood ethanolic extract (SEE) and its selectivity directed T47D breast cancer cells, WiDr colon cancer cells and HeLa cervical cancer cells. Development of molecularly targeted agent that more specific kills cancer cells and have less damage to normal cells is still the main goal in anticancer drug discovery (Nurulita, et al., 2011) . Many researchers are now interested in examining the use of herbal medicines as a health care method.
SEE showed moderate to high potency as chemopreventive agent based on its cytotoxic effect on T47D, WiDr, and HeLa cells. Since SEE had high potency of cytotoxicity, it is important to reveal the selectivity of the extract. SEE showed moderate cytotoxicity on Vero cells. To determine the SEE selectivity, SI was calculated. SEE showed selective cytotoxic activity on T47D and WiDr cells (SI>3), but not selective on HeLa cells (SI<3).
The differences activity of SEE on several cells might caused by differences in cells characteristic or difference target of action. T47D cells have a mutation of p53 and express estrogen receptor (ER) (Schafer, et al., 2000) . Compounds isolated from methanolic extract of C. sappan exhibited partial antiestrogenic activity on MCF-7 cells (Lai, et al., 2011) . Upregulation of p21 might occurred through p53 independent pathway leading to inhibition of cell cycle . Extract of C. sappan also showed anticancer activity on HNSCC4 and HNSCC31 cells (head and neck cancer cells) upregulation of p21WAF1/CIP1 (Kim, et al., 2005) . SEE proposed to inhibit T47D cell viability through antiestrogenic activity, and inhibition cell cycle, but the mechanism need to be explored further.
WiDr cells show overexpression of COX-2 and mutant of p53 (Palozza, et al., 2005; Bijman, et al., 2008) . Apoptosis occured through p53 independent pathways, including activation of p73 (Levrero, et al., 2000) . Ethanolic extract of C. sappan reduced levels of inflammatory cytokine and expression of COX-2 and transcription factor of NF-κB p65 in paw cartilage of CIA rats . Brazilin inhibits cell cycle through activation p21 and p27 on U266 cells . Sappanchalcone, a flavonoid isolated from C. sappan, induces apoptosis through inhibition of p38, ERK, JNK, and NF-κB signaling on oral cancer cells (Lee, et al., 2011) . SEE proposed to reduce WiDr cell viability through downregulation of COX-2 and NF-κB, but the mechanism need to be clarified more details.
HeLa cells have HPV 18 sequences that express E6 and E7 causing p53 degradation (Goodwin and DiMaio, 2000) . Zheng, et al. (2006) (Reuter, et al., 2008) . HeLa cells induce FasL expression via Corticotropin-releasing hormone (CRH) (Taliouri, et al., 2012) . Higher-affinity antibodies (FasL) performed a significant decrease, rather than an increase, in agonist activity at the Fas receptor (Chodorge, et al., 2012) . Compounds in SEE might be influence affinity of FasL and Fas receptor, but the mechanism must be explored in the next study.
Extract of heartwood of secang also safe to be consumed. Secang has been used as ingredients of traditional beverage in Central Java, Indonesia. The extract of C. sappan wood showed neither toxicity in terms of general behavior change, mortality, change in gross appearance of internal organs nor produce any acute and subacute toxicity in both female and male rats (Sireeratawong, et al., 2010) . In vivo study of ethanol extract of C.sappan L on mice fed a high-cholesterol diet showed increase of hepatic antioxidative indicators, as well as decrease of intracellular ROS, LOX-1, and nuclear translocation of NFκB on in vitro study in cultured human umbilical vein endothelial cells (HUVECs) . The results of this present study, adds the scientific evidence of C. sappan considering its potency as a cancer chemopreventive agent.
CONCLUSION
Heartwood of secang ethanolic extract (SEE) possesses selectivity effect on T47D and WiDr cancer cells but not on HeLa cancer cells. Further Caesalpinia sappan reveals prospective properties to be developed as cancer chemopreventive agent.
